It is well known that there is increased activity of the thyroid during prolonged exposure to cold (see Ring, 1939 , for references) and that thyroidectomiaed animals do not survive as well as normal animals under such conditions. Yet cold does not bring about a large increase in activity of the thyroid since a sojourn of three weeks in a refrigerator at 2 to 4 degrees centigrade increases the basal metabolism of rats only 10 or 15 per cent. The total metabolism while the animals are in the refrigerator must be about three times the basal level (see Benedict and MacLeod, 1929, and Swift and Forbes, 1939) . Therefore the rise in basal metabolism due to increased thyroid activity accounts for no more than 3 to 5 per cent of the total output of heat required by the rat under such severe conditions. These facts have caused us to wonder whether the direct effect upon basal metabolism might really be of minor importance. It is possible that the greatest value of the thyroid lies in sensitizing the response to epinephrine (Goetsch effect). To test this possibility, the calorigenic response to epinephrine under varying conditions of thyroid activity has been measured. This included a study of the response to epinephrine after prolonged exposure to cold. In the course of these observations, it was found that the maximal metabolic response to cold as well as the response to epinephrine was potentiated by thyroxin.
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METHOD.
Male rats weighing about 200 grams were selected for these experiments. The basal metabolism was determined by using the apparatus previously described (Ring, 1940) . The oxygen consumption was recorded during the four hours prior to the injection of the gelatin preparation of epinephrinel and for six hours thereafter.
Periods of quiet were selected for calculating the oxygen consumption. A few measurements of the respiratory quotients using the Haldane principle have been made to be sure that the caloric expenditure may be satisfactorily estimated by determining oxygen consumption alone.
In studying the response following prolonged exposure to cold, rats were kept in individual cages in the refrigerator for three weeks. After they were returned to normal room temperature, a number of the rats were given ordinary drinking water but some were given water containing NaI (0.75 mgm. per cc.) in order to bring about a more rapid return of the basal metabolism to normal (see Ring, 1941) . At weekly intervals, the basal metabolism and the calorigenic response to epinephrine were measured. These responses were compared with those obtained in normal rats, thyroidectomiaed rats and rats injected with thyroxin.
The last part of the project was to measure the maximal catabolic response to cold. Jars containing one rat each were placed in a water bath maintained at 2.4 degrees centigrade and the oxygen consumption was measured over a period of three hours or more . Most of the rats did not produce enough heat to maintain body temperature and it could be assumed that the response to cold produced the maximal prolonged elevation in metabolism of which the animal was capable. This assumption does not hold true if measurements are made after the body temperature has fallen more than two or three degrees.
Under such circumstances, the stimulation of metabolism is not maximal (see Ring, 1938 ) and the results were not considered in this study.
Some of the rats were, however, able to maintain a normal body temperature under the above conditions. It therefore became necessary to remove part of the hair from these animals if one was to be certain that the maximal catabolic stimulation had been produced. Using this method, the effects of thyroxin, thyroidectomy and removal of the adrenal medulla upon the maximal response to cold have been measured.
RESULTS.
To make sure that epinephrine did not markedly affect the proportion of foodstuffs burned, respiratory quotients were determined in a few cases. The control measurements averaged 0.727 and during the six hours after receiving epinephrine these were 0.723.
In order to determine the most suitable amount of epinephrine for these experiments, the effects of injecting doses of 0.2 to 0.05 cc. were first investigated. The larger doses frequently proved fatal and so were discontinued but it was interesting to find that these caused no greater metabolic response during the first two hours than the smaller ones. They did, however, have a more prolonged effect. The increase in metabolism during the first two hours after the injection of epinephrine averaged for 0.20 cc. 52.5 per cent, for 0.15 cc. 53.7 per cent, for 0.10 cc. 52.5 per cent and for 0.05 cc. 49 per cent. Injecting the epinephrine at three different sites in divided doses did not change the response. In this case 0.15 cc. produced an average increase of 53.7 per cent. In subsequent experiments, because the larger doses were toxic and produced no greater response than the smaller ones, we have used 0.05 cc. of epinephrine as the test dose and have measured the response for two hours thereafter.
The results for longer periods show the same relations as those described below but are less striking because the response diminishes rapidly after the first two hours. There is no evidence that the calorigenic response to epinephrine is shortened during increased thyroid activity or lengthened during decreased function.
That gelatin in the mixture accounts for no part of the metabolic response was shown by giving this without epinephrine.
The basal metabolism during control measurements averaged 34.5 A 0.G cal. per sq. meter per hour and after the gelatin was 33.3 =t 0.5. The gelatin served only to slow the absorption of the epinephrine and prolong the effect so that this could be more easily and accurately measured.
In the first table we have shown the response to epinephrine when varying amounts of thyroid hormone (or thyroxin) are present in the body. It will be noted that the degree of increase in calorigenic response to epinephrine with in- GORDON C. RING creasing thyroid activity varies as the height of the basal metabolism. This effect is clearly brought out by the straight line obtained when plotting the logarithm of the response against the basal metabolism. The above relationship between the basal metabolism and the epinephrine response is not shown when the change in metabolism is due to non-thyroid factors which we have tried. Table 2 shows the effect of epinephrine in animals in which the metabolic rate is raised by dinitrophenol (2 mgm. per 100 grams). This drug quickly elevates the metabolism and its effect continues over a period of several hours. In estimating the response to epinephrine superimposed upon the dinitrophenol effect, suitable corrections have been made for the progressively diminishing calorigenic effect of the latter drug. If this had not been done, the contrast between thyroxin and dinitrophenol would have been even more striking. Nevertheless, in only one of seven observations was the per cent increase in metabolic response to epinephrine greater in a dinitrophenol-treated animal than in one not so treated. In four cases even the absolute increase in Table 3 shows the results on fasted animals. The basal metabolism was about the same as in the hypothyroid rats but the stimulation due to epinephrine was on the whole greater both in per cent and in calories. In only one rat of the six studied was the calorigenic response to epinephrine less than the average for hypothyroid rats. These results suggest that the type of response shown in table 1 may be specific for variations in thyroid activity.
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The importance of the thyroid gland in the calorigenic response to cold is shown in table 4 in which the maximal catabolic response to cold during an exposure lasting for about three hours is shown.
These results would probably have been more striking if larger doses of thyroxin had been used. This was not tried because the lowest temperature which could be obtained in the water bath used did not give maximal metabolic stimulation when the basal metabolism was very high. It will be noted that in eight of nine rats given thyroxin the increase in metabolic rate produced by cold was greater after the injection than before. The thyroidectomized rats all showed smaller responses than any of the normal controls. This metabolic response to cold is due in part to shivering and in part to the release of adrenine. Other factors may also be involved.
It would be interesting to know the relative importance of the adrenal medulla but we were unable to devise an accurate method for determining this, since after ablation of the adrenal medulla, more energy may be released by shivering and made available for maintaining body temperature (see Cannon, Newton, Bright, Menkin and Moore, 1929). We did find, however, that in spite of this, the response to cold was slightly reduced by demedullation. The average maximal increase in metabolism in response to cold was 49.5 cal. per sq. m. per hour in the operated rats as compared with the normal response of 56.1 cal. To make sure that this was due to a lack of adrenine and not a deficiency of cortical principle, we have given cortical extract to the operated rats.
This produced no improvement in the response to cold. Another deficiency in the rats lacking secretion of adrenine is not brought out by these observations.
It is the inability to maintain this subnormal rate of heat production for even a few hours.
After three hours in the cold, the body temperature of the normal rats was usually 33 or 34" C. but in the demedullated rats it had fallen below 30". This perhaps ?ndicates the importance of the defatiguing effect of adrenine during shivering (see Luco, 1939) . When a rat is exposed to cold for three weeks or more, the thyroid is stimulated and as one would expect the response to epinephrine is potentiated.
The results are shown in table 5. As thyroid activity diminishes with the return of the rat to normal environmental temperature, the calorigenic effect of epinephrine is also reduced. The time required for these changes is shortened if NaI is given (table 6) . These results when compared with those in table 1 suggest that the thyroid principle is alone responsible for the elevation in metabolism and the sensitivity to epinephrine.
